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550a Tuesday, February 28, 2012in this study) expressing the hBEST1 using Total Internal Reflection Fluores-
cence Microscopy (TIRFM). In addition to stoichiometry, we have also tried
to determine the interaction among different members of bestrophin family
by checking the colocalization of eGFP tagged BEST1 and tt-tomato tagged
BEST2, BEST3 or BEST4. We find that all four members of the bestrophin
family are tetramers and that BEST1 does not interact with any other members
in the family.
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Chloride channels activated by cell swelling or volume increases are ubiqui-
tous. Although important in many physiological and pathological functions,
their molecular identity is uncertain. To identify new channel candidates and
critical determinants in the ‘swelling’ pathway we have completed an unbiased
genetic screen in Drosophila S2Rþ cells. Using an anion-sensitive YFP as a re-
porter of chloride swell-sensitive (Clswell) channel activity, we have confirmed
that drosophila Bestrophin 1 (dBest1) is a leading candidate for a Clswell.
RNAi specific to dBest1 eliminated the drosophila Clswell current, as did
over-expression of a dominant negative form of dBest1. Why is this channel
sensitive to swell while its mammalian homologs are not? We have used chi-
meras between dBest1 and the swell-insensitive mBest2 channel to identify
the essential components of the channel necessary for swell activation. Swell
sensitivity can be conferred to the mammalian homolog with the switch of a sin-
gle domain. dBest1 is the only known channel clearly responsive to swell, and
its activation depends on the protein’s intrinsic properties.
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Glioblastomas are brain tumors composed by two cell types: cancer stem cells
(CSCs), which are a small population able to self-renew and generate progeny,
and bulk cells, consisting of a larger population committed to a precise fate.Glio-
blastomas are aggressive tumors because of CSC brain infiltration efficiency and
their resistance to chemotherapies. Therefore, CSCs represent the most tumori-
genic component of glioblastomas. Several forms of glioblastomas exhibit
a level of Chloride Intracellular Channel 1 (CLIC1) expression higher than in
normal brains. CLIC1 mainly localizes in the cytoplasm and in the nucleoplasm
and, in stress conditions, it is able to translocate into plasma and nuclear mem-
branes where it acts as a Cl- permeability. Four human glioblastoma biopsies
were cultured in a CSCs selecting medium. By knocking down CLIC1 expres-
sion using siRNA lentiviral infection (siCLIC1), we found that CLIC1-
deficient cells migrated about 50% less efficiently than cells treated with siRNA
for luciferase (siLUC, control) inBoyden chamber assays. To determinewhether
this phenotype results from the lack of CLIC1 plasma membrane expression,
CLIC1-mediated currents were estimated by using a specific inhibitor (IAA94,
100mM) in voltage clamp experiments fromperforated patches.We consistently
recorded an IAA94-sensitive current in siLUC cells that was absent in siCLIC1
cells. Moreover, in non-treated CSCs we estimated the relative abundance of
CLIC1-mediated current compared to the other Cl- currents in the cell. By cal-
culating the ratio of IAA94-sensitive current over DIDS-sensitive current we
found a positive correlation between tumor aggressiveness and the relative abun-
dance of CLIC1-mediated currents in the four human glioblastomas analyzed.
Our experiments highlight the involvement of CLIC1 protein in the spreading
of the human glioblastoma CSCs, suggesting this protein as a possible pharma-
cological target to contrast the invasiveness of the brain tumor.
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The glutamate-gated chloride channel (GluCl) is an invertebrate, ligand-gated
anion channel of the Cys-loop receptor family. It is activated by the endogenous
neurotransmitter L-glutamate and by the antiparasitic drug ivermectin. Thecrystal structure of the Caenorhabditis elegans GluCl alpha homopentamer
(3.3A˚ resolution; Hibbs & Gouaux, 2011) shows the location of the glutamate
binding site, the separate ivermectin site, and the highly conserved leucine res-
idue at the 9’ position of the pore-lining M2 transmembrane domain. Mutation
of this L9’ residue in other Cys-loop receptors dramatically increases agonist
sensitivity. Using whole-cell patch clamp, we found that six of seven mutations
at this position (L9’s, A, F, I, T, V, but not G) increased the glutamate sensitiv-
ity of the heteromeric GluCl channel by factors of 5- to 80-fold. Beta-branched
amino acids (Ile, Thr, Val) gave the greatest reductions in EC50. Analysis of
side chain properties revealed that helix-destabilizing energy correlated with
increased glutamate sensitivity. Except for WT and the L9’F mutation, we
were unable to detect glutamate- and/or ivermectin-induced changes in mem-
brane potential using a fluorescent membrane potential assay (FlexStation, Mo-
lecular Devices), probably because the spontaneous activity of the mutant
channels obscured the fluorescence changes. However, whole-cell patch clamp
and fluorescent membrane potential experiments confirmed that the L9’F mu-
tation increased both the glutamate and ivermectin sensitivity of the GluCl
channel. Increasing GluCl sensitivity to ivermectin will benefit its use as a neu-
ronal silencing tool.
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Voltage-dependant anion channels (VDAC) are transmembrane proteins found
in high abundance in the outer mitochondrial membrane of all eukaryotes.
VDAC mediates the transfer of metabolites such as ATP, ADP, and NADH be-
tween the cytoplasm and the intermembrane space. The open state is selective
for anions, while the closed state is cation selective. The determination of the
high resolution X-ray crystal structure of VDAC from mouse (mVDAC1)
(Ujwal et al. PNAS 2008) has made it possible to study the molecular workings
of this channel in unprecedented detail. Previously, we used continuum electro-
static calculations to show that mVDAC1 is anion selective suggesting that the
X-ray crystal structure represents the open state of the channel (Choudhary et
al. JMB 2010). However, the hallmark of the open state is high ATP flux (~1-2
million ATP molecules per second), and therefore, we set out to determine the
conduction state of the channel with regard to ATP. To do so, we are using a se-
ries of fully atomistic, unbiased molecular dynamics simulations to construct
a Markov State Model (MSM) of the permeation process using a modified ver-
sion of the MSMBuilder2 software suite (Beauchamp et al. JCTC 2011). The
permeation of ATP through the channel is represented by transitions between
a series of discrete, well-populated conformational states. Analysis of the con-
verged MSM using transition state theory, allows us to extract the dominant
permeation pathways and compute mean first passage time (MFPT) for transi-
tion through the channel.
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The plant hormone abscisic acid (ABA), is produced in response to drought
stress in plants and mediates stomatal closure. SLAC1 is a key guard cell S-
type anion channel that mediates ABA-induced stomatal closure (Vahisalu et
al, Nature 2008; Negi et al, Nature 2008). Though SLAC1 expression in Xen-
opus oocytes alone showed no activity, calcium-dependent protein kinase 21
(CPK21), CPK23, and OPEN STOMATA 1 (OST1) have been shown to en-
hance anion currents. Here we have focused on the following key questions:
Can functional ABA activation of SLAC1 anion channels be reconstituted?
Can a new protein kinase, that functions in vivo in ABA-induced stomatal clo-
sure, mediate ABA activation of SLAC1 channels? We show here that this new
protein kinase is able to strongly activate SLAC1-mediated currents and phos-
phorylate the SLAC1 channel. Defined PP2C protein phosphatases could deac-
tivate SLAC1 activity in oocytes. Moreover, we successfully reconstitute
a complete ABA signaling pathway demonstrating ABA-induced activation
of SLAC1 channels including co-expression of ABA receptors (Park et al Sci-
ence 2009; Ma et al Science 2009), and the newly identified protein kinase.
Tuesday, February 28, 2012 551aSLAC1 phosphorylation analyses indicate a new non-linear ABA signaling
core that ensures tight regulation of SLAC1 channels.Excitation-Contraction Coupling II
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MicroRNAs (miRNAs) are small nonprotein-coding RNA molecules that tar-
get mRNAs for translational repression or degradation. Recent studies demon-
strated that miRNA expression levels are substantially altered in heart failure
(HF) and therefore may play a role in the functional abnormalities observed in
diseased hearts. Since miR-129 expression is augmented in HF, we hypothe-
sized that HF-observed changes in Excitation-Contraction Coupling result, in
part, from miR-129-mediated downregulation of specific calcium handling
proteins. Confocal Ca2þ imaging revealed that in electrically stimulated myo-
cytes overexpressing miR-129, Ca2þ transient amplitudes were significantly
reduced compared to controls. In contrast, sarcoplasmic reticulum (SR)
Ca2þ contents assessed by rapid application of caffeine remained unchanged.
Furthermore, kinetic analyses of Ca2þ transient decays suggested miR-129
overexpression does not affect Naþ/Ca2þ exchanger or SR Ca2þ ATPase func-
tion. Voltage-clamp experiments showed no difference in Ca2þ currents in
miR-129 overexpressing and control cells. Additionally, permeabilized myo-
cytes demonstrated no change in Ca2þ spark frequency nor amplitude indicat-
ing no effect from miR-129 overexpression on SR Ca2þ release channel
Ryanodine Receptor (RyR2) function. Detailed analysis of Ca2þ transient
rising phase revealed significant time-to-peak prolongation accompanied by re-
duction in Ca2þ release synchronization in miR-129 overexpressing myocytes
compared with controls. Overall, these data imply that miR-129 overexpres-
sion reduces the fidelity of coupling between plasmalemmal Ca2þ channels
and RyR2s located in junctional SR. Efficient coupling between L-type
Ca2þ channels and RyR2 is facilitated by junctophilins (JPH), proteins tether-
ing T-tubules to SR forming junctional membrane complexes keeping channels
at precise distances. Western blot analyses demonstrated that miR-129 overex-
pression significantly reduced levels of JPH4, a putative target of miR-129.
Therefore, our results suggest that increased levels of miR-129 may underlie
diminished Ca2þ release in HF by downregulation of JPH4 thus altering geom-
etry of the dyadic cleft.
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Key features in the progression from left ventricular hypertrophy to heart
failure include the dysregulation of cardiomyocyte Ca2þ handling and the im-
pairment of contractile function. Knockdown of Nogo-A has previously been
shown to inhibit hypoxia/reoxygenation-induced apoptosis in cardiomyocytes
in part by preventing impairment of intracellular Ca2þ regulation. In this
study, we determined whether altering Nogo-A expression can affect cardio-
myocyte Ca2þ handling and contractility in non-stressed cardiomyocytes.
Compared to control, knockdown of Nogo-A in neonatal rat ventricular
myocytes (NRVMs) significantly increased the amplitude of [Ca2þ]i tran-
sients, increased SR load, and decreased the time constant of [Ca2þ]i decay
(tau) evoked by electrical stimulation. Diastolic [Ca2þ]i, time to peak, and
[Ca2þ]i decay of caffeine-induced Ca2þ release from the SR were not
affected by Nogo-A knockdown. Conversely, over-expression of Nogo-A in
adult rabbit cardiomyocytes significantly decreased the amplitude of [Ca2þ]
i transients, decreased SR load, and increased the time constant of [Ca2þ]i de-
cay. Diastolic [Ca2þ]i, time to peak, and [Ca2þ]i decay of caffeine-induced
Ca2þ release from the SR were not affected by Nogo-A overexpression. In
addition to the impairment of Ca2þ handling, Nogo-A over-expression signif-
icantly decreased sarcomere length (SL) shortening, increased the time to 90%
relaxation (TR90), and decreased relaxation velocity. Contraction velocity was
not affected by Nogo-A over-expression. Overall, alteration of Nogo-A levels
affects cardiomyocyte Ca2þ handling and contractility, primarily by modulat-
ing Ca2þ reuptake into the SR. Together, these data indicate that Nogo-A may
serve as a potential therapeutic target in the treatment or prevention of heart
failure.2803-Pos Board B573
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Ryanodine receptors (RYR) interact with each other through subdomain 6, the
clamp region. This interaction is thought to hold the monomers in a checker-
board orientation and to be the source of allosteric interaction. However, anal-
ysis of 2D electron micrographs acquired from adult rat ventricular myocytes
indicated this is not the only packing strategy. Specifically, a histogram of
RYR2 sizes showed the expected peak at 29 nm, and additional peaks at mul-
tiples of 29 nm. This could only be explained if the monomers were arranged
side-by-side, rather than in a checkerboard. We confirmed this using electron
tomography, obtaining direct en face views of RYR packing. We observed
two strategies within a given couplon; the expected checkerboard and a side-
by-side arrangement. Others, using purified RYR type 1, have identified
a Mg2þ -sensitive packing; a checkerboard in 0 mM Mg2þ, and in 4 mM
Mg2þ a side-by-side orientation that precludes allosteric interaction1. To de-
termine whether the RYR2 packing in vivo was sensitive to Mg2þ, we used
saponin-permeabilized myocytes, clamping the Mg2þ concentration between
0.5 mM (low end of physiological range) and 4.0 mM (ischemia) and observed
that the packing changed from checkerboard to side-by-side as the [Mg2þ] in-
creased. The packing at normal physiological Mg2þ (0.5 - 1.5 mM) reflects
both strategies. Furthermore, the RYR2 monomers could be rapidly rearranged
following a change in [Mg2þ], completing the transition from checkerboard to
side-by-side orientation within five minutes. Consistent with published results,
increasing [Mg2þ] decreased Ca2þ spark frequency in saponin-permeabilized
myocytes2. These results imply that RYR2 monomers within a couplon have
multiple packing strategies and Ca2þ sensitivities, both of which can be rap-
idly altered by local factors.
1. Yin, C. et al, J Mol Biol, 349;538-546, 2005
2. Gusev, K, Niggli, E, J Gen Physiol, 6;721-730, 2008
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Calcium flux thought L-type Ca2þ channels (LTCCs) influences numerous
physiological processes ranging from contraction of muscle and memory in
neurons to gene expression in many type cell types [1,2,3]. The spatiotempotal
organization of functional LTCCs, however, is difficult to investigate experi-
mentally because of methodological limitations [2]. In this study, we used
our 3-D continuummodel of Ca2þ signaling, buffering and diffusion in rat ven-
tricular myocytes to examine the effects of LTCCs ganging up in the sarco-
lemma during the cell excitation [4]. Model predicts that local and global
Ca2þ signals critically depend on the spatiotemporal location of Ca2þ influx
via persistent LTCCs, on the branched t-tubule topology and on the local dif-
fusion properties. We tested also the hypothesis that under physiological con-
ditions, the coupled gating of LTCCs may increase the activation probability of
Ca2þ-dependent proteins involved in contraction and cell excitability [2].
[1] Bers, Circ Res 106(4):625-626, 2010
[2] Navedo et al, Circ Res 106:784-756, 2010
[3] Inoue and Bridge, Circ Res 92:532-538, 2003
[4] Cheng et al., PLoS Comp Biol 6(10): article e1000972, 2010
Supported by NBCR (NIH grant 5P41 RR08605-17)
2805-Pos Board B575
T-Tubule Morphology and Local Ca2D-Induced Ca2D Release in Rat
Ventricular Cardiomyocytes are Sensitive to Chronic Changes in Mechan-
ical Load of the Heart
Punam Kukadia, Michael Ibrahim, Manoraj Navaratnarajah,
Urszula Siedlecka, Carin Van Doorn, Magdi H. Yacoub,
Cesare M. Terracciano.
Imperial College London, London, United Kingdom.
Transverse (t) tubules optimise cardiomyocyte excitation-contraction coupling
by promoting cross-talk between L-type Ca2þ channels and ryanodine recep-
tors, and are disrupted in several cardiac diseases, leading to heart failure. A
unifying hypothesis is that t-tubule structure is altered by chronically varying
the mechanical load of the heart, consequently disrupting local Ca2þ-induced
Ca2þ release (CICR).
To test this hypothesis, rat hearts were unloaded for 4 or 8 weeks using hetero-
topic abdominal heart-lung transplantation, or overloaded for 6 or 10 weeks
